FPGA Implementation of ADPLL with Ripple Reduction Techniques by Manoj Kumar & Kusum Lata
International Journal of  VLSI design & Communication Systems (VLSICS) Vol.3, No.2, April 2012 
DOI : 10.5121/vlsic.2012.3209                                                                                                                       99 
           
           FPGA Implementation of ADPLL with 
Ripple Reduction Techniques 
 
Manoj Kumar1 and Kusum Lata2 
 
Department of Electronics and Communication Engineering,  
Indian Institute of Information Technology, Allahabad, INDIA                                                                 
manojnitc@gmail.com , kusum@iiita.ac.in                                                              
                                               
 
ABSTRACT 
In this paper FPGA implementation of ADPLL using Verilog is presented. ADPLL with ripple reduction 
techniques is also simulated and implemented on FPGA. For simulation ISE Xilinx 10.1 CAD is 
used.Vertex5 FPGA (Field Programmable Gate Array) is used for implementation. ADPLL performance 
improvement, while using ripple reduction techniques is also discussed. The ADPLL is designed at the 
central frequency of 100 kHz. The frequency range of ADPLL is 0 kHz to 199 kHz. But when it is 
implemented with ripple reduction techniques, the frequency range observed is from 11 kHz to 216 kHz. 
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1. INTRODUCTION 
ADPLL is modified form of phase locked loop (PLL).It consists of digital blocks only. It tracks 
the signal frequency. PLL uses negative feedback concept to make both frequency equal. For 
locked state PLL has small phase error or zero phase error but exactly the same frequency [1]. As 
it takes binary signal as input so it can easily implemented on FPGA [3], [5], [6] .It offers many 
advantages. It has less market cost. It consumes very less power. ADPLL can be used in clock 
distribution and generation for processors [4]. The first ADPLL was reported in 1980 [12] .With 
use of 74HC297 IC [3] a modified form of ADPLL is developed. In this design a new digital 
controlled oscillator (DCO) is developed. This gives very good phase a frequency error tracking 
that was not implemented with 74HC297 IC. Clock recovery is most important use of ADPLL 
[7]. Data may affect with noise that noise is called ripple. For reducing ripple in the ADPLL 
circuit ripple reduction techniques are also reported in different research papers [1], [9], [10], 
[11]. 
 
An example of an ADPLL is implemented [1]. All the components of ADPLL are fully digital. 
Verilog HDL is used to design an ADPLL. HDL is very flexible for modifying the design 
parameters. To implement the design 10.1 version of Xilinx is used .To reduce ripple a new 
ADPLL structure is implemented [1]. Both design of ADPLL is implemented on to FPGA. Linear 
ADPLL was implemented on FPGA [6]. Recently an all-digital phase-locked loop (ADPLL) 
having a fault detection of the input reference signal was modelled in Verilog hardware 
descriptive language (HDL) [7]. 
 
This paper is organized as follows: In section 2 we give a brief overview of the ADPLL design. 
Section 3 describes the ADPLL implementation with ripple reduction techniques. This section 
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also presents the Xilinx simulation results. In section 4, the FPGA results have been discussed. 
Finally, in the section 5 we conclude the research work presented in this paper. 
 
2. ADPLL DESIGN 
Figure1 shows the elemental diagram of ADPLL.ADPLL blocks are: 1) Phase detector 2) Loop 
filters 3) Digital Controlled Oscillator. First component phase detector works as a phase 
comparator. Phase detector checks phase error among signals produces an error pulses. In our 
design EXOR gate is used as phase detector (PD).This type of PD produces an error pulses on 
both the edges. EXOR gate maintain phase tracking in the range of [90,-90] degree [1]. 
 
       Figure 1. The basic block diagram of ADPLL 
Second component loop filter removes high frequency parts of phase error signal [2]. For loop 
filter     k counter is used. It always works with phase detector. Output of phase detector is fed 
into the k counter.k counter clock is M times multiple of the center frequency. M typically be 8, 
16, 32.. [1] .It contains two independent counters. First counter is up counter and second is down 
counter. But in practice both counts upward. The modulus of counter is k. The range of the both 
the counters is from 0 to k-1. dn/up signal controls the operation of k counter. If this signal is 
high, then down counter is active otherwise, if it is low, then up counter is active. The MSB of 
down counter is borrow and the MSB of up counter is carry.DCO operation is controlled by these 
two signals. 
 
Third component digital controlled oscillator (DCO) makes the frequency equal to the input 
frequency. For this increment-decrement counter is used. It has three inputs: (a) Inc, (b) Dec, (c) 
IDClock. It works together with k counter [1] .It uses id clock, as clock signal. Id clock is 
multiples of centre frequency and modulus of divide by n. 
 
2.1. ADPLL Implementation  
All basic building blocks of ADPLL i.e. phase detector, loop filter and digital controlled oscillator 
are designed using Verilog. For verifying the design test bench has been created and simulation is 
done. For designing and simulating Xilinx ISE 10.1 tool is used. Figure 2 [1] shows the 
implemented ADPLL block diagram.  
 
EXOR is used as PD. Centre frequency is taken as 100 kHz. The simulation output of ADPLL in 
the locked condition at frequency of 199 kHz is shown in figure 3. In this figure,3. tc represents 
DCO's output at the last stage. tc1 represents input signal. dn/up signal is represented by 
updwn.Figure3 shows that frequency of DCO and input are same and very less phase error among 
them which is satisfying the condition for locking. 
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                     Figure 2. ADPLL circuit diagram 
 
 
 
Figure 3. Simulation output of the ADPLL in locked condition at f = 199 kHz      
  
Figure 4 shows simulated waveform of the design for the unlocked case. In this figure tc and tc1 
represents DCO and input signal. dn/up signal is represented by updwn. The input frequency of 
the ADPLL is taken as 200 kHz. Figure 4 represents the conditions for unlocking. Simulation is 
performed for different frequencies and the hold range of the designed ADPLL is 0 Hz-199 kHz. 
In the next section the ADPLL is designed with Ripple reduction techniques and simulated in the 
same way as this ADPLL.  
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Figure 4. Simulation output of the ADPLL in unlocked condition at f = 200 kHz 
 
3. DESIGN OF ADPLL WITH RIPPLE REDUCTION TECHNIQUE  
By using ripple reduction techniques ADPLL performance can be improved. Figure 5, represents 
ADPLL design with ripple reduction techniques. K counter uses an extra enable signal. Loop 
filter works only when enable becomes high. For suppressing ripple second MSB is used. en 
represents enable input for the k counter. The en signal is high about 50% of time. Now, K 
counter generates maximum number of carries. Divide by n counter output is represented by 
tc.tc1 represents the input signal.  
 
 
 
Figure 5. ADPLL design with ripple reduction technique. 
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Design is implemented with the condition K>M/4 the however, the value of M remains same in 
both the designs. Other methods are discussed in paper [1], [13] ,Figure 6 represents ADPLL 
design with ripple reduction technique in locked condition at frequency of 216 kHz. tc1 
represents input signal. dn/up signal is represented by updwn. This design uses same center 
frequency. tc1 is taken as 199 kHz.figure 6, represents the conditions of locking. Figure 7 shows 
simulated waveform of the design for the unlocked case. In this figure tc represents final output of 
DCO. dn/up signal is represented by updwn .In this case input frequency is taken as 200 kHz. 
Figure 7, shows that hold range varies with the ripple reduction technique. This design provides 
better hold range. The hold range in the case is 11 kHz - 216 kHz.  
 
 
 
Figure 6. Simulation output of the ADPLL in locked condition at f = 216 kHz 
 
 
 
Figure 7. Simulation output of the ADPLL in unlocked condition at f = 217 kHz 
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4. RESULTS 
The ADPLL has been implemented into Xilinx vertex5 xc5vlx110t chip. Chip is having 69,120 
LUT’s. A maximum of 640 IO's are available.65 nm CMOS technology based FPGA is taken. 
FPGA system clock is 100mhz.This design is used in high frequency applications. It offers better 
locking among reference signal and DCO signal. The hold range of design is from 0 Hz-199 kHz. 
Figure 8 shows the FPGA output for locked case. Figure 9 shows the FPGA output for unlocked 
case. Figure 10 shows the FPGA output for locked case when ripple reduction technique is used. 
Figure 11 shows the FPGA output for unlocked cases when ripple reduction technique is 
considered. The FPGA results are shown with the help of Digital Phosphor Oscilloscope (DPO) 
from Tektronix i.e. TDS 305 4B DPO. Digital Phosphor Oscilloscope (DPO) having 500 MHz 
frequency capturing capability. From figure 8, 9, 10 and 11 it can be seen that when ripple 
reduction technique is used then better capture range is achieved. Thereby, we got better lock 
range for the ADPLL with ripple reduction technique. 
 
 
 
 
Figure 8. FPGA output of the ADPLL in locked condition at f = 200 kHz 
 
 
 
Figure 9. FPGA output of the ADPLL in unlocked condition at f = 205 kHz 
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Figure 10. FPGA output of the ADPLL (ripple reduction technique) in locked condition at f =215 kHz 
 
 
Figure 11. FPGA output of the ADPLL (ripple reduction technique) in unlocked condition at  
f = 216 kHz                                                 
 
5. CONCLUSIONS 
This paper discusses the ADPLL implementation in two ways; viz, basic ADPLL implementation 
and ADPLL implementation with ripple reduction technique. For ADPLL design and simulation 
the Xilinx 10.1 is used .FPGA implementation for both the circuit (i.e. with and without ripple 
reduction techniques) has been presented. Improvement in the performance of an ADPLL with 
the help of ripple reduction techniques is discussed. ADPLL is implemented with centre 
frequency of 100 kHz. For the ADPLL the frequency range is from 0 kHz to 199kHz.When 
ADPLL is implemented with ripple reduction techniques then the frequency range is observed as 
11 kHz to 216 kHz. The results as discussed in the previous section, from the FPGA 
implementation shows that the better lock range can be achieved by reducing the ripples.  
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